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1. MULTIPLE TMTSITIOBS Iri VARIGUS POL- SYSTEMS 
II 

a)  Volume Temperature Measdhent  s 

b)  Dynamic Mechanical Measurements 

a)  The instrurnent fo r  length-temperature measurements down t o  l i qu id  

nitrogen temperatures has been assembled. 

specimen is  detected by a l inea r  variable d i f f e ren t i a l  transformer 

(LVDT) and automatically recorded. 

functions are d i f fe ren t ia ted  by the least square technique described 

i n  a UASA Technical Report by Z&in and Simha on t h e  polyethylene-poly- 

propylene system. 

The d i la t ion  of a cylindric& 

The observed length-temperature 

The system studied t o  t h i s  point is a series of poly-alkyl meth- 
Measure- acrylates  where t h e  a l k y l  s ide  group is  increasing in*s i ze .  

ments on poly-ethyl, poly-n-propyl and poly-n-butyl methacrylates 

indicate  two t rans i t ions  approximately 4OoC and 8ooc respectively 

below T -  Evidence of a f u r t h e r  t r ans i t i on  ex i s t s  at about -120OC 

and of ye t  anotner j u s t  above l iqu id  nitrogen temperature and beyond 

the  l i m i t  of accurate detection w i t h  t he  present coolant. 

t r ans i t i on  i s  similar i n  location t o  the  polyethylene y-transit ion 

and possibly due t o  motion of t h e  alkyl chain part of the  pendant 

group. 
related t o  the &trans i t ion  i n  polymethyl nethacrylate. 

possible t ha t  these two t rans i t ions  were not separable by the  in te r -  

sect ing straight l i nes  technique conventionally used i n  volume dila- 

tometry. Further data are being obtained on polymethyl methacrylate, 

t h e  other isomers of poly-butyl methacrylate, and hydroxy e thyl  and 

hydroxy propyl rnethacryhtes i n  an attempt t o  assign the  molecular 

motions associated with these t ransi t ions.  

?2* 

The -120°C 

One o r  both of the  t rans i t ions  hmediately below T may be 
g 

It is 

n r u 1 y - C q - l  i;;ztk;zcr;.l&es aeviate strongly from t h e  Aa. Te f r ee  

volume product of Simha and Boyer, presumably due t o  side group motion 

requiring free volume. 
t o  the  lower of the two t rans i t ions  immediately below T 

is subst i tuted fo r  nQ-ag, the product assumes a value of 0.11, i n  

accord with values observed f o r  l i nea r  polymers. 

Measurements of expansion coeff ic ients  above T 

0 

If apt,, the expansion coefficient corresponding 
J 

or Aa=a -a €5’ a g” 

have been disap- 
g 

pointing with the  present set  up, 

volume dilatometer, incorporating t h e  LVDT. 

We are considering a recording 
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b) Afreely osc i l l a t ing  tors ional  pendulum of frequency about 1 cps. has 

been constructed here and is  now, in  operation down t o  l i qu id  nitrogen 

temperatures. It i s  intended t o  study t h e  same polymers, i n  order t o  

obtain capa r i sons  betveen the  two types of information. 

2. EQUATION OF STATE PROPE3TIB OF POLYME3 LIQUIDS 

4 

Extensive computations of t he  equation of state properties pre- 
dicted by t h e  hole theory f o r  both spherical  f l u ids  and polymer 

l iqu ids  were made. 

the  c e l l  pa r t i t i on  function on the  number of vacancies, one based on 

an average over "solid-like" and "gas-like" free volumes, and t h e  

other on a similar average over individual modes of motion or degrees 

of freedom. To evaluate most flgorously the  Eerits of t h e  theory, we 

need t o  test  it i n  a system where t h e  charac te r i s t ic  energy and 

volume parameters are independently known, such as l iqu id  and gaseous 

argon. 

theory, with an average over modes of motion, i s  very gratifying. 

par t icu lar ,  the  c r i t i c a l  pressure and temperature are very w e l l  pre- 
dicted. 

Ve compared two assumptions f o r  t h e  dependence of 

The agreement between experiment and predictions of t h e  hole 

In 

Due t o  the  lack of independent knowledge of the  pa i r  po ten t ia l  
parameters f o r  chain l iquids ,  t he  comparison between theory and 

experiment can only be made by a superposition procedure. 

of t he  two a l te rna t ive  assumptions are ra ther  similar, contrary t o  

what i s  observed i n  the  case of argon. 

agreement between theory and experiment f o r  polymers r e f l ec t s  i n  

pa r t  t he  sh i f t ing  procedure used, ra ther  than solely t h e  i n t r i n s i c  

adequscy of the  theory. Revertheless, since a similar treatment w a s  
applied t o  the  data  i n  conjunction with the  c e l l  theory, w e  can 

~ C E C ~ L &  +.hat the introduction of vacancies i n t o  t h e  l a t t i c e  i n  an 
appropriate w a y  results i n  an improvement over t h e  or ig ina l  c e l l  

theory. 
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Principle  of Corresponding States snd Equation of S ta te  of Polymer 
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The results 

This suggests t h a t  any 
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